We hypothesized that the constriction rings in Amniotic Band Syndrome (ABS) are the sequelae 30 of localized mechanical injury. Typical scarring pattern was examined in skin tissue of ABS 31 origin, containing an amniotic band constriction, for collagen and elastin distribution, and the 32 ratio of collagen I to collagen III (CI:CIII). A skin sample from an extra finger was the control. 33
Summary Statement 24
A rare, fetal model of healing after constrictive injury of skin, in which elastin fragmentation at 25 the constriction injury indicates remodeling explained by the differential expression of elastin 26 during gestation. 27
28

ABSTRACT: 29
We hypothesized that the constriction rings in Amniotic Band Syndrome (ABS) are the sequelae 30 of localized mechanical injury. Typical scarring pattern was examined in skin tissue of ABS 31 origin, containing an amniotic band constriction, for collagen and elastin distribution, and the 32 ratio of collagen I to collagen III (CI:CIII). A skin sample from an extra finger was the control. 33
In the ABS specimens, sub-epidermal structures were intact and present throughout, and collagen 34 I exhibited a normal basket-weave pattern. At the site of constriction in both ABS samples, 35 reticular dermis elastin fibers were fragmented and papillary dermis elastin fibers were absent. In 36 the control tissue, the reticular dermis contained relatively thick, branching fibers of elastin, and 37 papillary dermis elastin was present. 38
The elastin fragmentation at the constriction ring indicates localized elastin remodeling in 39 response to injury. The absence of elastin in the papillary dermis of the constriction likely 40 indicates a localized disruption in elastin formation. The formation and deposition of collagen 41 and the presence of sub-epidermal structures favor a non-scarring phenotype, while the 42 organization of elastin favors that of localized scarring.
INTRODUCTION: 44
In Amniotic Band Syndrome (ABS), free floating fibrous strings within the womb called 45 "amniotic bands" wrap around lower or upper extremities or other anatomical locations. This 46 results in the formation of fetal dermal constrictions, called "constriction rings." ABS is 47 solution. After removal of excess water with movement, they were rinsed in three changes of 107 100% ethanol. Lastly, the samples were cleared in xylene and mounted in resin. All picrosirius 108 staining was carried out by the NYU Histopathology Core. Afterwards, the picrosirius stained 109 slides were photo documented using a Leica DMLM microscope made for routine microscopy. 110
Photos were taken in bright-field, 50% polarized light, and 100% polarized light. 111
Fiji image analysis software was used according to (Schindelin et al, 2012) , to quantify the ratios 112 of collagen I to collagen III in our picrosirius red stained sections. The total pixel areas of red 113 (staining for collagen I) and green (staining for collagen III) were isolated from the picrosirius 114 red images using Fiji"s color threshold tool. These total pixel areas were then calculated using 115
Fiji"s analysis>measure tool. For each sample with a constriction, the collagen ratio within 8 116 quadrants was averaged for regions at the site of constriction and away from constriction. For the 117 control sample, only 8 quadrants were used for calculating the collagen ratio and were 118 categorized as away from a constriction. 119
Rabbit anti-LTBP1 (LifeSpan Biosciences, LS-B8256 IHC Plus) was used for 120 immunohistochemical staining based on the manufacturer described protocol. 121
122
RESULTS: 123
In the ABS specimens, subcutaneous structures such as follicles, sebaceous glands, and blood 124 vessels were fully intact and present throughout each sample (Fig. 1A,B) . However, there was a 125 30 to 57.1% reduction in reticular dermal thickness at the site of the constriction ring, while 126 epidermal thickness remained consistent when compared to normal skin.and control samples ( Fig. 2A,B) . We calculated the means of the ratios of collagen I: collagen III 129 (CI: CIII) in areas below the constriction ring and away from the constriction ring as described in 130 the methods section. At the site of constriction in both ABS samples, reticular dermis elastin fibers were fragmented, 137 globular, and lacked a pronounced pattern of branching. Whereas, in the control tissue, there 138 were relatively thick, dichotomously branching fibers of elastin throughout the reticular dermis 139 (Fig. 3) . Papillary dermis elastin fibers were scant at the constriction in ABS samples compared 140 to the control skin tissue, which displayed thin elastin fibers configured in a dichotomously 141 branching pattern (Fig. 3) . 142
In ABS samples (5 and 7 months year old), latent TGF binding protein (LTBP) staining was 143 sparse throughout the dermis. Similarly, in another control skin sample from a 14 year old, LTBP 144 staining was sparse and scattered throughout the dermis (data not shown). 145
DISCUSSION: 146
Amniotic band constriction results in dermal thinning, subcutaneous tissue atrophy, and fibrous 147 scar formation that may cause vascular, lymphatic and neural damage (Moran et al., 2007) . 148
Subcutaneous tissues compressed by the amniotic band exhibit indented scarring characteristics 149 (Hajihosseini et al., 2010) . In adults, damaged blood vessels decrease cellular nutrition, resulting 150 in localized ischemia, leading to wound repair, fibrogenesis, and elevated collagen synthesis and 151 remodeling (Dalton et al., 2007; Kaplan et al., 1997) . 152
In our ABS samples, normal sub-epidermal structures were present in the reticular dermis below 153 the constriction ring. Since the absence of sub-epidermal structures is an important characteristic 154 of scarring (Occleston et al., 2010; Rendl et al., 2005) ; the mechanical injury from the amniotic 155 band did not create a typical scar. A non-scarring phenotype is further supported by our 156 observations of collagen in the picrosirius stained sections. There were no significant differences 157 in the organization of collagen fibers between the dermal regions below the constriction ring and 158 in the surrounding areas. These collagen fibers exhibited a basket weave pattern, characteristic of 159 normal skin (Romanelli et al., 2012; Smith et al., 1986) . 160
Cheng et al. reported on CI:CIII ratios in fetal skin, so it was investigated whether there were 161 differences seen in our specimens (Cheng et al., 2000) . In the ABS samples, the mean CI:CIII 162 ratios were not statistically significantly different between the groups away versus the groups 163 below the constriction ring. It is therefore unlikely that amniotic band constriction affects the 164 ratios of CI:CIII. 165
Despite the differences between wound repair in fetal and adult skin, both involve fibroblast 166 recruitment and subsequent collagen deposition (Broughton et al., 2006) . When an injury occurs, 167 dermal fibroblasts differentiate into myofibroblasts and activate extracellular matrix (ECM) 168 collagen production (Lijnen and Petrov, 2002; Werner et al., 2007) . Both the activation of 169 fibroblast differentiation and collagen production are caused by TGF-beta (Werner et al., 2007) . 170
In the TGF-beta pathway, TGF-beta1 is predominantly kept in a bio-inactive state within the 171 large latent complex (LLC) bound to the ECM. The LLC contains two components: the latent 172 TGF binding protein (LTBP) and the pro-TGF-beta1. When LTBP is cleaved from Pro-TGF-173 beta1, TGF-beta1 is released and wound healing commences (Annes et al., 2003; Feng and 174 Derynck, 2005) . 175
The sparse LTBP staining throughout the dermis, and the normal levels of collagen I at the site 176 of the amniotic band in the ABS samples seem to indicate that TGF-beta is being expressed in 177 large enough numbers to create the myofibroblast-produced collagen responsible for normal 178
healing. This evidence suggests a normal regulation of collagen in ABS. 24th weeks of gestation to undergo repair with characteristics of scarless healing (Fig. 4) . This 196 may explain why the collagen fibers were observed to have undergone normal deposition (Fig 2) , 197
and that sub-epidermal structures are present and intact in the ABS samples (Fig. 1A,B) . 198
The expression and formation of elastin occurs from 22-40 weeks of gestation (Fig. 4) (Deutsch 199 and Esterly, 1975; Sephel et al., 1987; Holbrook and Smith, 1981) . Since the ABS constriction 200 exists before the expression of elastin, elastin fibers have 18 weeks to develop and undergo 201 repair while under amniotic-band-induced mechanical stress. This correlates with our 202 observation of localized disruption in elastin formation in ABS (Fig. 3) . Our work suggests that 203 ABS scarring is because of an inability to remodel dermal elastin later in gestation. 204
There are several proteins of interest that are correlated with elastin development. Fibrillin-1 is 205 vital in elastin deposition during development. In conjunction with fibroconectin, fibrillin-1 206 provides microfibril scaffolding for the formation of elastin fibers. Localized fibroblasts produce 207 fibrillin-1, which binds to heparan sulfate on cell surfaces in the form of "bead-on-string" 208 microfibrils. These microfibrils later aggregate around fibrocenectin in the ECM and form an 209 extracellular microfibril network (Sabatier et al., 2014) . Fibroblasts also produce elastin 210 precursor tropoelastin, which binds to heparan sulfate on cell surfaces in the form of tropoelastin 211 globules. Fibulin-5 complexes with these tropoelastin globules and transfers them to the 212 extracellular fibrillin microfibril network, where they combine into strands of elastin (Sideek et 213 al., 2014) . Mutations in the fibrillin-1 gene FBN1 have been linked to several connective tissue 214 disorders, due to the ECM and bone related complications that arise from altered fibrillin 215 expression, such as in Marfan"s syndrome (Lee and Godfrey, 1991; Loeys et al., 2001; 216 Ramachandra et al., 2015) . 217
The conflicting evidence of wound healing seen in ABS likely represents a skewed scarring 218 phenotype, with collagen and elastin healing differently due to the temporal uniqueness of fetal 219 healing. It is likely that the scarless nature of fetal healing does not apply to elastin remodeling. 220
Further research is required to elucidate the intricacies of fetal wounding and the role of elastin 221 during the development of ABS. 222
In summary, ABS represents a rare, fetal model of healing after constrictive injury. Our initial 223 hypothesis was that ABS would be analogous to known adult models in terms of collagen 224 deposition and elastin morphology. Surprisingly, dermal collagen was intact, consistent with the 225 scarless nature of fetal skin healing. However, dermal elastin was disrupted, and we believe that 226 to be explained by the differential expression of elastin during gestation. These findings are a 227 unique and previously unreported observation of fetal response to mechanical tissue injury. Collagen I is stained in red and collagen III is stained in green (faint). 349 
